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SILICON PLATFORM FOR OPTICAL MODULES 

PlP.T.n OF T-»p, TWRNTTfiN 
The present invention relates to a silicon platform for 
optical modules, which has a conductor pattern formed on a silicon 
substrate. 

BACKGROUND OF THF, T flVENTTON 
In an optical communication system or optical data 
j communication system, an optical module incorporating optical 

elements such as laser diodes is used. This optical module is now 
installed in homes along with recent progress made in computer 
hardware and communication networks. Thereby, demand for 
small-sized, highly integrated and low-cost optical modules arises . 

To meet such demand, the development of the following optical 
module is under way. The optical module comprises a substrate on 
which optical elements such as light emitting elements and 
light-receiving elements and a conductor pattern are formed in a 
package and is connected to optical fibers or optical waveguide 
component for communication. 

The substrate constituting the optical module is preferably 
a silicon substrate. The reason for this is that silicon (Si) has 
excellent workability. Therefore, for example, the silicon 
substrate has such an advantage that it is easy to put alignment 
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marks for position determination on the silicon substrate when 
optical elements are to be mounted or to form V-shaped grooves for 
the position determination of optical fibers in the silicon 
substrate when the optical fibers are to be arranged. 

Further, silicon has excellent heat radiation properties. 
Therefore, the silicon substrate has such an advantage that it can 
serve as a heat sink for radiating heat from optical elements. The 
silicon substrate has a further advantage that a raw material for 
the manufacture of the silicon substrate can be acquired at a low 
cost and has stable quality. 

The silicon substrate having the advantages, on which optical 
elements, a conductor pattern and optionally the alignment marks 
and V-shaped grooves are formed is called "silicon platform for 
optical modules." 

Fig. 5 shows a typical example of the si licon platform for 
optical modules. The silicon platform for optical modules shown 
in Fig. 5 has a silicon substrate 505 and an SiO... insulating layer 
507 which is an oxide layer formed on the silicon substrate 505. 
A light-receiving element 501 and a light emitting element 504 all 
of which are optical elements are mounted on the S.i.0 2 _in.su4ra-ting^ 
layer 507 through a conductor pattern 506. f A microstrip line 



structure is forme<^on__thjtJ^ 2 -inauLaJtJ.n 

other than the area for mounting the optical elements 501 and 504. 
This microstrip line structure is a laminate consisting of a ground 
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film 510, a dielectric film 509 and signal lines (conductor pattern) 
508, all formed in the order named. 

The conductor pattern 506 formed in the area for mounting the 
optical elements 501 and 504 and the signal lines 508 of the 
microstrip line structure are electrically connected to each other 
by lead wires 502. Thereby, the optical elements 501 and 504 are 
electrically connected to the signal lines 508 by the conductor 
I pattern 506 and the lead wires 502 

The silicon substrate 505 has a thickness of about 1 mm, for 
A example. The dielectric film 509 is made^f^ompolyimide, for 
example. This dielectric film 509 has the function of insulating 
the ground film 510 from the conductor p attern 508. 

The silicon platform for optical modules shown in Fig. 5 is 
constituted as described above. A typical example of optical 
module comprising this" silicon platf orm^oTc^tical modules is shown 
in Fig. 6. In Fig. 6, the silicon platform for optical modules is 
mounted on a substrate 601. A wiring pattern 602 and lead frames 
611 are formed and a part 603 such as a preamplifier ic are mounted 
on the substrate 601. External connection terminals are further 
provided on the substrate 601 as required. 

The substrate 601 having the silicon platform for optical 
modules and the part 603 mounted thereon, for example, is 
incorporated in a package (not shown) together with an optical 
ferrule 613 shown in Fig. 6 to constitute an optical module. The 
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optical ferrule 613 is connected to one ends of optical fibers 612. 
The other ends of the optical fibers 612 are drawn out to the outside 
of the package. To store the optical ferrule 613 in the package 
of the optical module, the optical ferrule 613 is arranged such 
that the optical fibers 612 can be optically connected to the optical 
elements 501 and 504. 

Since the silicon platform for optical modules shown in Fig. 

5 has both the light-receiving element 501 and the light emitting 
element 504 as described above, the optical module shown in Fig. 

6 comprising the silicon platform for optical modules can be an 
optical module for two-way communication. 

Both the light-receiving element 501 and the light emitting 
element 504 are mounted on the silicon platform for optical modules 
shown in Fig. 5 and Fig. 6 as described above. As a matter of course, 
there are the following silicon platforms for optical modules 
besides the silicon platform. For example, there is a silicon 
platform for optical modules, which comprises only one of the 
light-receiving element 501 and the light emitting element 504. 
As shown in Fig. 7, there is also a silicon platform for optical 
modules which comprises an optical array element 701, on which a 
plurality of light-receiving elements 501 or light emitting 
elements 504 are disposed in an array. 

OBJECTS SUMMARY OF the tnvrnttom 
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The silicon platform for optical modules has such a problem 
as the deterioration of transmission signals through the lead wires 
502 or signal lines 508 along with an increase in the transmission 
speed of signals. 

To prevent the deterioration of the transmission signals, it 
is necessary to carry out the matching of impedance between the 
optical elements 501 and 504 and the signal lines 508. Therefore, 
a silicon platform for optical modules is constructed to realize 
the matching of impedance between the optical elements 501 and 504 
and the signal lines 508 in consideration of the downsizing of the 
optical module and crosstalk between adjacent signal lines 508. 
However, to this end, the thickness of the dielectric film 509 of 



the microstrip line structure must be made very small. 

An example will be shown. For example, a case where the 
matching of. impedance between the light emitting element 501 and 
the leader line 508 to be electrically connected to the light 
emitting element 501 is carried out will be described hereinafter. 
When the serial resistance value of a laser diode which is the light 
emitting element 501 is 5 to 10 Q, the characteristic impedance 
Zo of the leader line 508 must be set to 5 to 10 which is the 
same as the serial resistance value of the light emitting element 
501. 

To this end, the ratio (H/W) of the thickness H of the 
dielectric film 509 underlying the leader line 508 with respect 



to the line width W of the leader line 508 must be about 0.06. 

When a plurality of optical elements are arranged, in 
consideration of the downsizing of the silicon platform for optical 
modules (that is, the downsizing of the optical module), these 
optical elements are preferably arranged at the same pitch as the 
Pitch of the optical fibers of the optical fiber tape to be optically 
connected to the optical elements. According to the current 
standards for the optical fiber tapes, the pitch of the optical 
fibers is 250 jim. 

When the signal lines 508 are arranged according to the 
lay-out of the optical elements as shown in Fig. 5, the pitch of 
the signal lines 508 is the same as the pitch of the optical elements . 
When the pitch of the signal lines 508 and crosstalk between the 
adjacent signal lines 508 are taken into consideration, the line 
width W of the signal lines 508 is desirably smaller than 100 um. 

To realize the matching of impedance between the optical^ 
elements and the signal lines 508 while the line width W of the 
signal lines 508 is fixed, the thickness H of the dielectric film 
509 must be made smaller than about 6 \xm based on the requirement 
for the ratio, that is (H/W) S 0.06, of the thickness H of the 
dielectric film 509 with respect to the line width w of the signal 
lines 508. 

However, if the dielectric film 509 is made thin to such an 
extent, when the wire 502 is to be bonded to the leader line 508 
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on the dielectric film 509, the dielectric film 509 may be peeled 
off by bonding impact and the leader line 508 may be damaged. To 
eliminate this problem, the thickness H of the dielectric film 5o7 
must be made 20 to 30 urn or more. ^\ , l-Cv^ 1 \ 

However, to realize the matching of impedance between'the ' 
optical elements and the signal lines 508 while the dielectric film 
509 is made thick, the line width W of the signal lines 508 must 
be made large. In addition to this, in consideration of the 
above-described crosstalk problem, the pitch of the signal lines 

508 must be expanded. Thereby, the jilicon substra te mus^be made 

large in size. ' 

That is, the dielectric film 5 09 is made thick to prevent the 
damage of the signal lines 508 caused by the bonding of the wires 
502, and the silicon platform for optical modules becomes large 
in size to realize the matching of impedance between the optical 
elements and the signal lines 508. 

It is an object of the present invention which has been made 
to solve the problems to provide a silicon platform for optical 
modules which can increase the apeedjaf- a transmission signal and 
Can be red uced in size with ease and further can prevent such a 
problem as the exf^l^ation^ of a conductor pattern (honing pad 



portion) caused by the bonding of wires. 

To attain this object and solve the problem, the present 
invention is constituted as described below. That is, according 
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to a first aspect of the present invention, there is provided a 
silicon platform for optical modules which comprises a silicon 
substrate, a first insulating layer formed on this silicon substrate, 
a first conductor layer formed on the first insulating layer, a 
second insulating layer formed on the first conductor layer and 
a second conductor layer formed on the second insulating layer, 
an end portion of the second conductor layer overlying the first 
insulating layer to .constitute bondTnT lp-ortions to connected 
to lead wires. 

-^?i_li n . g ^°„ a l econd a fP ect °,f the Present invention, in the «7 . 
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first aspect of the invention, the silicon platform is characterized ( 

S\ in that a hole is formed in the second insulating layer and a bonding J 7 k 

, ' I 

•41 portion is formed in this hole. £-/<?ha^ 7 

'L ' 1 -Accc^ij l g_t.o=a~feh-i-^_a^ee-1^of--the present invention, in the 

!^ f irst as P ec "t of the invention, the silicon platform is characterized / 

in that^a removed^go rt^jLs formed in the second insulating layer 
and a bonding portion is__ forine<j,,i n_ this_re mo.v.ed^po^-te.ion 
U According to a fourth aspect of the present invention, in the 

first, the second or the third aspect of the invention, the silicon ^ 
platform is characterized in that the thickness of the second^ 
ins u lating layer is 6 pm or less . 

Acsfi£ding-to-a-£i.fth aspect of the present invention, in the 

first or the fourth aspect of the invention, the silicon platform 
is characterized in that optical elements are mounted and an end 
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portion of the second conductor layer lies right below the optical 
elements . 



-^ 0rding t0 3 SiXth aspect of the Present invention, in any 
one of the first to the fifth aspects of the invention, the silicon 
platform is characterized in that^Sul^por^lor^is formed on part 
of the first insulating. layer. 

According to ^seventh^aspect of the present invention, in 
any one* of the first to the sixth aspects of the invention, the 
silicon platform is characterized in that the first conductor layer, 
the second insulating layer and the second conductor layer 
constit ute a m icrostrip lin^_sj;ructure . 

r _f A <=cording to an eighth aspects of the present invention, in 

any one of the first to the seventh aspects of the invention, the 

silicon platform is characterized in that the second conductor l ayer 

5 —~ 

constitutes_ a coplanar distribution constant circuit structure . 

^ According to a ninth aspect of the present invention, in any 

one of the first to the eighth aspects of the invention, the silicon 
platform is characterized in that a silicon platform for optical 
modules is electrically connect epLtc^a^driyer ^IC by lead ^wires. 
J ^ According to a tenth aspect of the present invention, in any 
one of the first to the ninth aspects of the invention, the silicon 
platform is characterized in that at least one of a light emitting 
element and a light-receiving element are mounted on the silicon 
platform. 
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According to an eleventh aspect of the present invention, in 
any one of the first to the tenth aspects of the invention, the 
silicon platform is characterized in that the first insulating layer 
is an oxide layer. 

According to a twelfth aspect of the present invention, in 
any one of the first to the eleventh aspects of the invention, the 
silicon platform is characterized in that the first insulating layer 
is an Si0 2 insulating layer. 

l ^ According to a thirteenth aspect of the present invention, 
□ in any one of the first to the twelfth aspects of the invention, 

the silicon platform is characterized in that the second insulating 
layer is a resin film. ^ 0 ^ ^f*, 

I ^ According to a fourteenth aspect of the present invention, 
in any one of the first to the thirteenth aspects of the invention, 
the silicon platform is characterized in that the second insulating 
l3yer 15 a Polyi*>ide film. O^ifffcf," ( 

According to the present invention, an end portion of the^ 
second conductor layer overlies the first insulating layer to 
constitute bonding portions. Bonding strength between the 



conductor^ layer^ and the insulating la yer is higher than bond ing 
strength between the dielectric film and the oxide layer. 
Therefore, such a problem that the bonding pads peel off from the 
oxide layer (insulating layer) when the lead wires are bonded to 
the respective bonding pads is almost eliminated. 
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Since the problem that the bonding pad s-pteToTTf rom the oxide 
layer rarely arises, the dielectric film can be made thin without 
worrying about the problem. The reby, the size of the silicon 
platfgrmfo r optical m odules can be reduced and it is ea^to real^zT 
the matching of impedance between the conductor pattern which is 
the second conductor layer and the optical elements electrically 
connected to the conductor pattern, thereby preventing the 
deterioration of transmission signals, and making it easy to 
increase the speed of transmission signals. 

Use of this silicon platform for optical modules makes it 
possible to provide a small-s^ed and highly integrated optical 
module and which is moreover capable of high-speed transmission 
of signals at a low cost. 

Since^th^nationof bonding pads occurs in the prior arrT 
it is necessary to bond wires carefully. ^Tn coirtrast^ tTfTiT, thanks 
to the special structure of the present invention, a silicon 
Platform for optical modules can be manufactured without worrying 
about the problem of exfoliation of the bonding pads. 

In the structure that the end portion of the second conductor "J 
layer lies right below the optical elements, the optical elements 
can be electrically connected to the conductor pattern, which is 
the second conductor layer without using lead wires. Thereby, the 
problem of the prior art, th at is, the exfoliatio n of the bonding 



pads ca ^^V^^^ Therefore, 
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the dielectric film of the microstrip line structure can be made 
thin without worrying about the exfoliation of the bonding pads. 

This makes it easy to realize the matching of impedance' 
between the conductor pattern (second conductor layer) and the 
optical elements electrically connected to the conductor pattern. 
Therefore, a small-sized silicon platform for optical modules, 
which prevents the deterioration of transmission signals and is 
capable of transmitting signals at high speed, can be provided. 

Further, the optical elements and the conductor pattern 
(second conductor layer) of the microstrip line structure are 
electrically connected to each other without using lead wires. 
Therefore, the step of bonding the lead wires for electrically 
connecting the conductor patterns can be omitted. Thereby, the 
production process can be simplified. 

brtf.f nr.scRTPT-mN or tuv n pa EJTKi^g 
These and other objects and advantages of the present 
invention will become more apparent and more readily appreciated 
from the following detailed description of the exemplary 
embodiments of the invention taken in conjunction with the 
accompanying drawings, in which: 

Fig. la is a sectional view for explaining a silicon platform 
for optical modules according to a first embodiment of the present 
invention and Fig. lb is a plan view for explaining the silicon 



12 



\| 
HI 

1 - ^ 



# 

Platform for optical modules according to the first embodiment of 
the present invention; 

Fig. 2a is a sectional view for explaining a silicon platform 
for optical modules according to a second embodiment of the present 
invention and Fig. 2b is a plan view for explaining the silicon 
platform for optical modules according to the second embodiment 
of the present invention; 

Fig. 3a is a sectional view for explaining a silicon platform 
for optical modules according to a third embodiment of the present 
invention and Fig. 3b is a plan view for explaining the silicon 
platform for optical modules according to the third embodiment of 
the present invention; 

Fig. 4a is a sectional view for explaining a silicon platform 
for optical modules according to a fourth embodiment of the present 
invention and Fig. 4b is a plan view for explaining the silicon 
platform for optical modules according to the fourth embodiment 
of the present invention; 

Fig. 5 is a perspective view showing a typical example of 
silicon platform for optical modules; 

Fig. 6 is a diagram for explaining an example of optical module 
comprising the silicon platform for optical modules shown in Fig. 
5; and 

Fig. 7 is a model diagram showing an example of silicon 
platform for optical modules on which a plurality of optical 
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elements disposed in an array are mounted and an example of optical 
module comprising the silicon platform. 

DETAILED PfilSCRTPTTON OP thr PRR^ p REn F.MftnnTMir^ 
The present invention will be described in detail hereinafter 
with reference to the accompanying drawings of preferred 
embodiments . 

Fig. la is a sectional view of a platform for optical modules 
according to a first embodiment of the present invention, which 
is, connected to a driver IC 110 and optical fibers 111. Fig. lb 
is a plan view of the platform for optical modules of the first 
embodiment, which is, connected to the driver IC 110 and the optical 
fibers 111 as in Fig. la. 

The platform 100 for optical modules of the first embodiment 
shown in Fig. la and Fig. lb has a laser diode array 101 which is 
an optical element mounted thereon and signal lines 107 which are 
a conductor pattern formed thereon. 

That is, the platform 100 for optical modules of the first 
embodiment has a silicon substrate 102 . This silicon substrate 102 
has a thickness of about 1 mm, a width of about 6 mm, a length of 
about 3 mm and a resistivity of about 2, 000 Qcm. An Si0 2 insulating 
layer (first insulating layer) 103 which is an oxide layer is formed 
on the surface of the silicon substrate 102 by a thermal oxidation 
method. 
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A wiring pattern 104 is formed in an area for mounting the 
laser diode array 101 (optical element mounting area) on the Si0 2 
insulating layer 103. This wiring pattern 104 is a conductor 
pattern made from copper or gold and the laser diode array 101 is 
mounted on this wiring pattern 104. 

In this first embodiment, as shown in Fig. la and Fig. lb, 
the optical fibers 111 are connected to an end portion of the silicon 
platform 100 for optical modules. The laser diode array 101 emits 
light toward the optical fibers 111 and is optically coupled with 
the optical fibers 111. For example, the laser diode array 101 
consists of 6 end emission type laser diodes disposed in an array 
and comprising a resonator made of a double-hetero structure InGaAsP 
active layer formed on an InP substrate. Each of the light emitting 
diodes has an oscillation wavelength of 1.31 urn and a threshold 
current of 5 mA. The wiring pattern 104 is formed in accordance 
with the lay-out of the light emitting elements. 

The laser diode array 101 is mounted in an area on the end 
side of the silicon substrate 102 on which the optical fibers 111 
are provided to carry out optical coupling between the laser diode 
array 101 and the optical fibers 111. V-shaped grooves for the 
position determination of the optical fibers 111 are formed in the 
silicon substrate 102 and an optical ferrule is provided at the ^ 
end portions of the optical fibers HI. The V-shaped grooves and 
the ferrule are not shown in Fig. la and Fig. lb. 
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As shown in Fig. la and Fig. lb, a ground film 105 which is 

, — , - ■ ■ 

a fi^st^cor^c^Qr^aye^r, and a microstrip line structure are formed 
on the Si0 2 insulating layer 103 at a position other than the optical 
element mounting area. As shown in Fig., la, this microstrip line\ 
structure is a laminate consisting of the ground film (first/ /^Vf 
conductor layer) 112, a dielectric film (second insulating layer) 
106 and the signal lines (second conductor layer) 107 which is a 
conductor pattern, all formed in the order named. In this first 
embodiment, the signal lines 107 of the microstrip line structure 
C ) are arranged in accordance with the lay-out of the optical elements 

'■--J of the laser diode array 101. 

" % l Bonding pads 108 (108a, 108b) for connecting the lead wires 
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109 are formed on both end portions of the signal lines 107. The 
bonding pad 108a on one end side of the signal lines 107 is connected 
to respective bonding pads 114 formed on the driver IC 110 shown 
in Fig. la and Fig. lb by lead wires 109. The bonding pads 108b 
on the other end side of the signal lines 107 are electrically 
connected to the wiring pattern 104 by lead wires 109 as shown in 
Fig. lb. 

The wiring pattern 104, ground films 105 and 112, dielectric 
film 106 and signal lines 107 are formed to predetermined patterns 
by deposition and a lift-off method using photol it hography. 

In this first embodiment, the dielectric film 106 is a^resin 
film (for example, a^olyimide film) and has a thickness of about 

y 
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2 um, for example. 

This first embodiment is characterized in that it has a 
structure capable of preventing the occurrence of such a problem 
that the bonding pads 108 peel off when the lead wires 109 are to 
be bonded to the bonding pads 108. 

That is, as shown in Fig. la, a hole (removed portion) 113 
is formed in the dielectric film 106 of the microstrip line structure 
at a position for the formation of the bonding pad 108. This hole 
113 is a hole extending from the surface of the dielectric film 
106 to the Si0 2 insulating layer 103. This hole 113 is formed by 
removing part of the dielectric film 106 by the patterning of the 
dielectric film 106. A conductor material is directly formed on 
the SiO, insulating layer 103 exposed to the bottom of this hole 
113. This conductor material is connected to the leader line 107 
and constitutes the bonding pad 108. 

According to this first embodiment, the bonding pads 108 are 
directly formed on the Si0 2 insulating layer 103. Bonding strength ^ 
between the conductor material and the SiO, insulating layer is \\ 
higher than bonding strength between the dielectric film and the 
SiO, insulating layer. Therefore, such a problem that the bonding 
pads 108 made from a conductor material peel off from the Si0 2 
insulating layer 103 when the lead wires 109 are bonded can be almost/ 
suppressed. Thereby, the dielectric film 106 can be made thin 
without worrying about the exfoliation of the bonding pad 108. 
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In this first embodiment, the line width of the signal lines 
107 is made small (for example, about 70 |im) and the interval between 
the adjacent signal lines 107 is made narrow in consideration of 
a reduction in the size of the silicon platform 100 for optical 
modules and crosstalk. In addition, the dielectric film 106 can 
be made thin without worrying about the exfoliation of the bonding 
pads 108 . Therefore, it is easy to realize the matching of impedance 
between the signal lines 107 and the optical elements 101 by reducing 
the thickness of the dielectric film 106. Thereby, high-speed 
transmission of signals can be realized while the deterioration 
of the transmission signals is prevented. 

Therefore, this first embodiment can provide such an 
excellent effect that a small-sized silicon platform for optical 
modules which enables high-speed transmission of signals can be 
provided by the special constitution. 

A second embodiment of the present invention will be described 
hereinafter. In this second embodiment, the present invention is 
applied to a silicon platform 201 for optical modules which does 
not have any optical elements mounted thereon, as shown in the 
sectional view of Fig. 2a and the plan view of Fig. 2b. That is, 
the silicon platform 201 for optical modules of this second 
embodiment is such as shown in Fig. 2a and Fig. 2b that it is provided 
between the silicon platform 100 for optical modules of the first 
embodiment and the driver IC 202 and electrically connects the 
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optical elements of the silicon platform 100 for optical modules 
to the driver IC 202. As the silicon platform 100 for optical 
modules has already been described in the section of the first 
embodiment, its description is omitted in this second embodiment . 

In the silicon platform 201 for optical modules of this second 
embodiment, an Si0 2 insulating layer (first insulating layer) 206 
which is an oxide layer is formed on the surface of a silicon 
substrate 203. A microstrip line structure is constructed on this 
SiCX, insulating layer 206. This microstrip line structure is a 
laminate consisting of a ground film 207 which is a first conductor 
layer, a dielectric film (for example, a polyimide film) 211 which 
is a second insulating layer, and signal lines (second conductor 
layer) 205 which are a conductor pattern, all formed in the order 
named. On both end sides of the signal lines 205 of this microstrip 
line structure, bonding pads 208 (208a, 208b) are provided. 

In the example shown in Fig. 2a and Fig. 2b, the bonding pads 
208a on one end side of the signal lines 205 are electrically 
connected to the respective bonding pads 212 of the driver IC 202 
by lead wires 209. The bonding pads 208b on the other end side of 
the signal lines 205 are connected to the respective bonding pads 
108a of the silicon platform 100 for optical module of the first 
embodiment by lead wires 209. 

This second embodiment is characterized in that it has a 
special structure for preventing such a problem as the exfoliation 
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of the bonding pads 208 caused by the bonding of the lead wires 
209 like the first embodiment . 

That is, as shown in Fig. 2a, a hole 213 extending from the 
surface of the dielectric film 211 to the Si0 2 insulating layer 206 
is formed in the dielectric film 211 of the microstrip line structure 
at a position for the formation of the bonding pad 208 - A conductor 
material is directly formed on the Si0 2 insulating layer 206 exposed 
to the bottom of the hole 213. This conductor material constitutes 
the bonding pad 208 electrically connected to the leader line 205. 

According to this second embodiment, like the first 
embodiment, the bonding pad 208 is directly formed on the Si0 2 
insulating layer 206 by forming the hole 213 in the dielectric film 
211 of the microstrip line structure at the position for the 
formation of the bonding pad 208. Bonding strength between the 
conductor material constituting the bonding pad 20 8 and the SiCX 
insulating layer is higher than bonding strength between the 
dielectric film 211 and the Si0 2 insulating layer 206. Therefore, 
such a problem that the bonding pads 208 peel off from the SiG 2 
insulating layer when the lead wires 209 are bonded to the respective 
bonding pads 208 is almost prevented. 

As described in the section of the first embodiment, the 
dielectric film 211 can be made thin without worrying about the 
exfoliation of the bonding pads 208. As a result, the second 
embodiment can provide such an effect that a small-sized silicon 
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platform for optical modules which enables the high-speed 
transmission of signals can be provided at a low cost. 

A third embodiment of the present invention will be described 
hereinafter. In the embodiments, the optical elements (laser diode 
array) 101 are mounted on the silicon platform 100 for optical 
modules . in contrast to this, in this third embodiment, the present 
invention is applied to a silicon platform for optical modules on 
which a light emitting element and a light-receiving element are 
both mounted. 

Fig. 3a is a sectional view of the silicon platform for optical 
modules according to this third embodiment. Fig. 3b is a plan view 
of the silicon platform for optical modules according to the third 
embodiment . 

In this silicon platform 300 for optical modules of the third 
embodiment, an Si0 2 insulating layer (first insulating layer) 305 
which is an oxide layer is formed on the surface of a silicon 
substrate 303 . A light emitting element 301 and a light-receiving 
element 302, both of which are optical, elements are mounted on 
the Si0 2 insulating layer 305 through wires 304, which are a 
conductor pattern. A microstrip line structure is formed on the 
Si0 2 insulating layer 305 at a position other than the area for the 
formation of the optical elements 301 and 302. This microstrip line 
structure is a laminate consisting of a ground film (f irst conductor 
layer) 307, a dielectric film (second insulating layer ) 309, and 
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signal lines (second conductor layer) 308 which is a conductor 
pattern, all formed in the order named as shown in Fig. 3a. 

On both end sides of the signal lines 308 of the microstrip 
line structure, bonding pads 310 (310a and 310b) are provided. The 
bonding pads 310a on one end side of the signal lines 308 are 
electrically connected to the driver ic shown in the embodiments 
by lead wires. The bonding pads 310b on the other end side of the 
signal lines 308 are electrically connected to the wires 304 by 
lead wires 311 as shown in Fig. 3b. Thereby, the optical elements 
301 and 302 are electrically connected to he above signal lines 
308 through the wires 304, the lead wires 311 and the bonding pads 
310b. 

This third embodiment is characterized by the special 
structure of the bonding pads 310 like the embodiments. That is, 
as shown in Fig . 3a , a hole 312 extending from the surface of the 
dielectric film 309 to the Si0 2 insulating l ayer 305 is formed in 
the dielectric film 309 of the microstrip line structure at a 
position for the formation of the bonding pad 310. A conductor 
material is directly formed on the Si0 2 insulating layer 305 exposed 
to the bottom of the hole 312 . This conductor material constitutes 
the bonding pad 310 electrically connected to the leader line 308. 

Since the bonding pads 310 are formed in this third embodiment 
like the embodiments, the same effect as ln the embodiments can 
be provided. 
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A fourth embodiment of the present invention will be described 
hereinafter. In this fourth embodiment, such a problem as the 
exfoliation of the bonding pads is el i minated by a special structur 
different from that of the embodiments. Fig. 4a is a sectional view 
of a silicon platform for optical modules according to the fourth 
embodiment. Fig. 4b is a plan view of the s ii icon platform for 
optical modules according to the fourth embodiment. 

In this fourth embodiment, like the third embodiment, an Sio 2 
insulating layer 405 which is a first insulat.ng layer is formed 
on the surface of a silicon substrate 403. A light emitting element 
401 and a light-receiving element 402 which are optical elements 
are mounted on the Sio 2 insulating layer 405 through a conductor 
pattern 409 which is a first conductor layer. A microstrip line 
structure is formed on the Si0 2 insulating layer 405 at a position 
other than the area for mounting the optical elements 401 and 402. 
This microstrip line structure is a laminate consisting of a ground 
film 406 which is a first conductor layer, a dielectric film 407 
which is a second insulating layer and signal lines (second 
conductor layer) 408 which is a conductor pattern, all formed in 
the order named as shown in Fig. 4a. 

This fourth embodiment is characterized in that the signal 
lines 408 of the microstrip line structure and the conductor pattern 
409 in the area for mounting the optical elements to be connected 
to the signal lines 408 are electrically connected by a connection 
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conductor pattern 410 as shown in Fig . 4a and Fig . 4fc _ 

According to this fourth embodiment, the optical aidants 401 
and 402 can be electrical ly connected to the signal lines 408 witnout 
using !ead wires. Therefore. bonding pads for connectlng the 
optical elements 40! and 402 to the signal lines 408 can be 
eliminated. As a result, such a probiem as the exfoliation of the 
bonding pads for electrical connection between the optical elements 
401 and 402 and the , ignal lines 408 does n<jt 

Also in this fourth embodiment, the bonding pads 412 in the 
signal lines 408 of the microstrip line structure have the same 
structure as in the embodiments. That is, a hole is formed in the 
dielectric film 407 and the bonding pad 412 is directly formed on 

the Si0 2 insulating layer 405. 

Since the silicon substrate 403 has excellent heat radiation 
properties, it can serve as a heat sink for radiating heat from 
the optical elements 401 and 402. However, when the Sio, insulating 
layer 405 on the surface of the silicon substrate 403 is made thick, 
the efficiency of head transfer from the optical elements 401 and 
402 to the silicon substrate 403 worsens. Therefore, the SiO, 
insulating layer 405 is desirably made as thick as about 500 nm. 

However, when the conductor portion is directly formed on the 
SiO, insulating layer 405 like the connection wiring pattern 410 
and the bonding pads 412, parasitic capacitance is produced between 
the conductor portion and the si i icon substrate 403. Therefore, 
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when the Si0 2 insulating layer 411 m*,-^ 

y oyer «ii is made thin in consideration 

of the heat radiation properties of the optical elements 401 and 
402, parasitic capacitance between the conductor portion and the 
silicon substrate 403 becomes very large. Such large parasitic 
capacitance aff ects high-frequency transmission signals, thereby 
deteriorating high-frequency characteristics. 

To solve this problem, i n this fourth embodiment, a bulky 
portion 411 is forced on the sio, insulating layer 405 at a position 
for the formation of the connection conductor pattern 410 and a 
position for the formation of the bonding pad 412. This bulky 
portion 411 expands the interval between the conductor portion and 
the silicon substrate 403, thereby reducing parasitic capacitance 
between the conductor portion and the silicon substrate 403. 
Thereby, the deterioration of the high-frequency characteristics 
can be prevented. 

The bulky portion 411 can be formed as follows. For example, 
the Si0 2 insulating layer 405 is formed on the surface of the silicon 
substrate 403 to a thickness of 2 ^ for example , by thermal cyD _ 
Thereafter, the thickness of the Sio, insulating layer 405 except 
the area for the formation of the bulky portion 411 is reduced to 
500 nm, for example, by photolithography and etching. Thus, a thin 
film portion and the bulky portion 411 can be formed on the Si0 2 
insulating layer 405. 

In the fourth embodiment, heat radiation from the optical 
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slants 401 and 402 can be improved by reduclng the 
the SiO, insulating layer 405 in the area for hunting the optical 
elements 40! and 402. In addition, the bulky portion 4U ± , formed 
on a portion for the formation of the conductor portion of the Sic, 
insulating layer 405 except the area for counting the optical 
elements 401 and 402. Therefore, the deterioration of high- 
frequency characteristics can be prevented as described above. 

The present invention is not lifted by the embodiments and 
can be embodied in various ways. For example, in the embodiments, 
the optical elements mounted on the silicon platform for optical 
modules are directly connected to optical fibers. For example, 
Planar waveguides (PLC) may be mounted on a silicon platform for 
optical modules and the optical elements may be indirectly bonded 
to the optical fibers through the PLC. 

In the embodiments, the conductor pattern formed on the 
Silicon platform for optical modules constitutes the microstrip 
line structure. For example, a conductor pattern constituting a 
coplanar distribution constant circuit may be mounted on a silicon 
platform for optical modules. 

Further, in the embodiments, the present invention is applied 
to a silicon platform for optical modules on which a light emitting 
element, or both of a li ght emitting element and a light-receiving 
element are mounted. As a matter of course, the present invention 
can be applied to a silicon platform for optical modules on which 
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only a light-receiving element out of the light emitting element 

and light-receiving element is mounted. 

Further, the constitution of an optical module comprising the 
platform for optical modules is not limited to those shown in Fig. 
6 a ndFig. 7. The optical module comprising the platform for optical 
modules is various in constitution. The silicon platform f or 
optical modules to which the present invents is applied may be 
incorporated in any one of the optical modules. 
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